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Previews
CPE-containing mRNAs (Huang et al., 2003; Richter,Memory, Synaptic Translation,
2001).and…Prions? What might be the physiologic role of translational
regulation within the dendrite? One model developed
through work in Aplysia (Martin et al., 1997) and in mam-
malian neurons (Frey and Morris, 1997) suggests two
Two papers from Kausik Si, Eric Kandel, Susan Lind- separable components to synaptic plasticity. One com-
quist, and colleagues set forth a bold new idea for ponent, associated with short-term facilitation, is be-
thinking about the mechanisms underlying the genera- lieved to be protein synthesis independent, in which a
tion and maintenance of long-term memories (Si et synapse is tagged or marked by synaptic input in such
al., 2003a, 2003b [this issue of Cell]). a way that a second, stable component that is protein
synthesis dependent (rapamycin sensitive) is estab-
lished to allow for long-term synaptic changes. Si et al.How can memories from events long past stay with us,
have addressed the molecular nature of such a synapticaccessible in vivid form, for decades? The papers from
mark by turning to the well-defined Aplysia system (SiKandel and Lindquist in this issue make a stunning pro-
et al., 2003a). They first noted the existence of a neuronalposal—that rather than relying solely on traditional
isoform of Aplysia CPEB EApCPEB) that is conservedmeans of signaling such as protein kinases and phos-
across species (Si et al., 2003a; Liu and Schwartz, 2003).phatases, a prion-like mechanism could account for the
Biochemical studies suggest that ApCPEB functions asstable, low maintenance nature of long-term memories.
a true CPEB, is present at low levels in neurons but isIt is necessary to put the authors’ proposal in perspec-
upregulated following short-term facilitation, and, usingtive. It is believed that long-term memory must at some
antisense oligonucleotides, is necessary in the synapselevel require long-term changes in the molecular compo-
for this long-term facilitation. In short, this paper demon-nents of the neuronal synapse. In the last decade, a
strates that ApCPEB fills the criteria for a synaptic mark.number of studies have pointed toward a role for the
While examining the function of ApCPEB, the authorslocal regulation of protein synthesis as a key step in
pondered an unusual amino acid composition at the Nmediating long-term synaptic changes. These include
terminus of the protein, which in turn led them to athe finding of ribosomes at the base of dendritic spines,
startling second set of experiments (Si et al., 2003b).the finding that pulsing isolated dendrites with neuro-
Half of the N-terminal 160 amino acids of ApCPEB weretrophins induced long-lasting synaptic potentiation that
glutamine (Q) or asparagine (N) residues, leading to arequired local protein synthesis, analogous observa-
seemingly nondescript secondary structure prediction.tions of protein synthesis-dependent plasticity following
The authors then made the leap to consider the possibil-serotonin pulses of Aplysia synapses, and the depen-
ity that this domain resembled prion domains, a hypoth-
dence of mGluR5-dependent LTD on dendritic cap-
esis made palatable by the ready ability to test it in
dependent protein synthesis in neurons and isolated
yeast. What ensued is a fascinating and clearly designed
dendrites (see Steward and Schuman, 2001 for review). set of experiments demonstrating that the ApCPEB
If mRNA translation plays an important role in synaptic N terminus is necessary and sufficient to act as a prion-
plasticity, what are the synaptic proteins that might reg- like domain. That is, the element is able to confer prion-
ulate those mRNAs? A number of studies, primarily from like behavior to proteins—it aggregates, it is able to
the laboratory of Joel Richter, have laid the groundwork convert ApCPEBs that are not in the prion-like state to
for considering the cytoplasmic polyadenylation ele- enter this state, and it does so in a relatively stable and
ment binding protein (CPEB) as a leading candidate for heritable fashion. While some of the details regarding the
such a synaptic translational regulatory protein (Richter, function of this Q/N-rich domain were not as rigorously
2001). CPEB was first described as a protein able to delineated, the overall conclusion is striking. The neu-
activate translationally dormant mRNAs in Xenopus oo- ronal isoform of ApCPEB still functions as a CPEB, but
cytes, which it does by binding cytoplasmic polyadenyl- does so in a binary fashion—via a prion-like switch be-
ation elements (CPEs) within the 3UTRs of some mRNAs. tween two functionally distinct protein states that can
CPEB regulates mRNA translation through a number of confer long-term changes in the protein.
mechanisms, balancing interactions with proteins that Putting the two papers together, the authors develop
downregulate and activate translation. These proteins a simple hypothesis for the dual nature of synaptic plas-
include maskin, one of a family of eIF4E binding proteins ticity. First, a prion-like switch in CPEB provides a long-
that serve as key points in translational regulation and lasting and permissive mark for subsequent long-term
are, indirectly, believed to be major targets of the trans- changes in the synapse; second, given that CPEB is
lational inhibitor rapamycin, as well as proteins that act itself a translational regulator, a change in its state leads
in conjunction with CPEB to activate poly (A) elonga- to a long-term change in its ability to facilitate mRNA
tion and mRNA translation. The relationship with synap- translation within the marked synapse, consistent with
tic plasticity comes from a number of recent studies the rapamycin-sensitive component of stable synaptic
demonstrating, for instance, that CPEB is present at the plasticity.
neuronal dendrite where it can be activated following If the general form of this model is indeed referable
to neuronal synaptic biology, the results will prove fasci-synaptic stimulation to elongate poly (A) tails of some
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Frey, U., and Morris, R.G. (1997). Nature 385, 533–536.nating to explore and nothing less than extraordinary.
Huang, Y.S., Carson, J.H., Barbarese, E., and Richter, J.D. (2003).A considerable number of challenges remain to establish
Genes Dev. 17, 638–653.a connection between the current data, derived from
Jin, P., and Warren, S.T. (2003). Trends Biochem. Sci. 28, 152–158.experiments in yeast and Aplysia, and mammalian neu-
Liu, J., and Schwartz, J.H. (2003). Brain Res. 959, 68–76.rons. Intricacies abound; for example, the recent finding
that CPEB may be involved in localizing CPE-containing Martin, K.C., Casadio, A., Zhu, H., Yaping, E., Rose, J.C., Chen, M.,
Bailey, C.H., and Kandel, E.R. (1997). Cell 91, 927–938.mRNAs to the dendrite (Huang et al., 2003), raising the
Richter, J.D. (2001). Proc. Natl. Acad. Sci. USA 98, 7069–7071.point that prion-like switches, if they do occur in mam-
malian neurons, could affect various aspects of protein Si, K., Giustetto, M., Etkin, A., Hsu, R., Janisiewicz, A.M., Zhu, H.,
and Kandel, E.R. (2003a). Cell 115, this issue, 893–904.biology. One further suspects that at least in mammals,
Si, K., Lindquist, S., and Kandel, E.R. (2003b). Cell 115, this issue,neuronal RNA binding proteins in addition to CPEB may
879–891.also play roles in the regulation of synaptic RNAs. For
Steward, O., and Schuman, E.M. (2001). Annu. Rev. Neurosci. 24,instance, the fragile-X mental retardation syndrome re-
299–325.sults from the lack of an RNA binding protein believed
Theis, M., Si, K., and Kandel, E.R. (2003). Proc. Natl. Acad. Sci. USAto be present in the synapse and to play a role in synaptic
100, 9602–9607.plasticity (Jin and Warren, 2003). Added to the issue of
Ule, J., Jensen, K.B., Ruggiu, M., Mele, A., Ule, A., and Darnell, R.B.additional RNA binding proteins is the possibility that
(2003). Science 302, 1212–1215.at least some neuronal RNA binding proteins, including
FMRP and components of the survival of motor neuron
protein complex, may regulate both neuronal mRNAs
and miRNAs (Dostie et al., 2003; Jin and Warren, 2003).
Identification of key RNA binding proteins involved in The Enemy at the Gates: Ca2
synaptic plasticity thus whets one’s appetite for know- Entry through TRPM7 Channelsing what RNAs are being regulated. This question seems
critical for developing a more complete understanding and Anoxic Neuronal Death
of the molecular nature of synaptic plasticity and has
begun to be addressed by the development of new
methodologies (Ule et al., 2003 and references therein).
In brain ischemia, gating of postsynaptic glutamateRelating the current work to mammalian neurons will
receptors is thought to initiate Ca2 overload leadingrequire establishing a clearer relationship between the
to excitotoxic neuronal death. In this issue, Aarts andApCPEB and mammalian isoforms of CPEB. One CPEB
colleagues describe a novel mechanism, whereby gat-transcript appears to be brain specific in mice (mCPEB-3),
ing of TRPM7, a Ca2-permeable nonselective cationdiffering from other isoforms in that it harbors an extra
channel, mediates Ca2 overload and demise of an-2500 bp of 3UTR; this transcript encodes an N terminus
oxic neurons.with a small Q-rich domain—50% in the first 30 amino
acids, but then an unimpressive extension in which the
following 130 amino acids have only 10% Q  N, an The term excitotoxicity describes the pathological con-
average content (Theis et al., 2003). Other mCPEB vari- sequences of the overstimulation of glutamate recep-
ants do not clarify this issue. If mammalian CPEB pro- tors (Olney, 1969), which occurs in brain ischemia/
teins do prove capable of forming prion-like switches anoxia, epilepsy, and brain trauma. Excitotoxic events
on the basis of such short Q-rich domains, one wonders may also be involved in several neurodegenerative dis-
how many other proteins might show similar phenome- eases including HIV dementia and Alzheimer’s and Hunt-
non. For example, a number of proteins with Q-rich N ington’s disease (Beal, 1992; Lipton, 1996). Excitotoxi-
termini are implicated in neurologic disorders (e.g., city is due in large part to overstimulation of the
Huntington’s, spinocerebellar ataxia). If the phenome- N-methyl-D-aspartate receptor (NMDA-R), with sus-
non were widespread, one could imagine great expan- tained gating of its associated ion channel, which allows
sion of the current CPEB-dependent switching model inflow of massive amounts of Ca2 and Na in neurons.
for generating synaptic marks. More generally, perhaps Ca2 overload can trigger several downstream lethal
the findings reviewed here will pave the way to demon- reactions, including nitrosative and oxidative stress, mi-
strating, as suggested by Lindquist, that prion-like tochondrial dysfunction, and protease and phospholi-
switches play a number of important roles in mamma- pase activation, which culminate in cell death (Orrenius
lian cells. et al., 2003). It has been recognized that lethal signals
in brain ischemia are not exclusively mediated through
the NMDA-R associated channel. For example, both glu-
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a model of hypoxia (oxygen/glucose deprivation; OGD)
to unveil a new lethal pathway that involves the activa-
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tion of a cation conductance (IOGD), which results in Ca2
overload. IOGD requires the TRPM7 ion channel protein,Dostie, J., Mourelatos, Z., Yang, M., Sharma, A., and Dreyfuss, G.
(2003). RNA 9, 180–186. a member of the TRP (transient receptor potential) cation
